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（1）运用 RNA-seq 比较研究了链状亚历山大藻 ACHK-T 和 ACHK-NT 转录组的





失去产毒能力。此外，还鉴定到 12 个与毒素合成相关基因的 101 个同系物，其
中 sxtO 与 sxtZ 首次在亚历山大藻中获得鉴定； 
（2）流式细胞分析结果表明，链状亚历山大藻在 24 h 内完成一个完整的细胞周
期，ACHK-T的毒素合成主要发生在光周期的G1期前期和暗周期的G1期后期。
在前期毒素合成缓慢，而在后期毒素合成有短暂的快速增长，且毒素合成不受光



















与毒素合成相关基因的 125 个同系物，其中 sxtW 首次在甲藻中获得鉴定； 
（3）秋水仙素处理后，链状亚历山大藻 ACHK-T 与 ACHK-NT 的细胞周期发生






ACHK-T 中发生上调，表明 ACHK-T 可能通过翻译水平或翻译后水平调节毒素
合成，而转录水平上的变化对毒素合成的影响相对较小。此外，鉴定到 12 个与




































Alexandrium is a widespread dinoflagellate genus in costal environment and 
numerous species within this genus are able to produce paralytic shellfish toxins 
(PSTs). With the recent increase of PST-induced poisonings, these species have been 
considered to be a serious threaten to marine ecosystem, aquaculture, human health 
and life safety, and PSTs have become a worldwide environmental and healthy 
problem. Although many progresses have been achieved on toxin origins and toxin 
producing physiology, little is known about PST biosynthesis in Alexandrium. 
This study used a toxigenic dinoflagellate species, Alexandrium catenella as the 
model species, compared the transcriptomes of the toxic strain ACHK-T and its 
non-toxic mutant ACHK-NT using the next generation sequencing (NGS) technique 
RNA-seq, revealed differentially expressed genes and the biological processes they 
were involved in, and discussed the potential reasons resulted in the loss of ability to 
produce toxin in ACHK-NT. Transcriptomes of ACHK-T cells from different 
toxin-producing stages as well as transcriptomes of both strains exposed to a 
metabolic inhibitor, colchicine, were also compared, and the toxin biosynthesis 
mechanism of A. catenella was discussed. The main results were as follows: 
(1) RNA-seq was carried out to compare the transcriptomes of wild toxigenic 
ACHK-T and its non-toxic mutant ACHK-NT, and a total of 35 differentially 
expressed genes were identified. Of these genes, 22 were up-regulated and 13 were 
down-regulated in ACHK-NT. These genes mainly participated in photosynthesis, 
carbon fixation, amino acid metabolism and toxin biosynthesis. Both long and short 
isoforms transcribed from sxtA which are involved in the initiation of toxin 
biosynthesis were identified in assembled unigenes. The expression level of the short 
isoform presented no difference between ACHK-T and ACHK-NT, while the long one 
was transcribed only in ACHK-T, indicating that its loss might result in the 
















synthesize toxin in ACHK-NT. In addition, 101 putative homologs of 12 
cyanobacterial sxt genes were identified, and the sxtO and sxtZ genes were identified 
in dinoflagellates for the first time. 
(2) Flow cytometer analysis indicated that A. catenella finished a complete cell 
cycle within 24 h. Toxin biosynthesis in ACHK-T occurred mainly in early G1 phase 
during the light period when the toxin content increased gradually and presented a 
short-term rapid increase in the late G1 phase in the dark period, indicating that the 
biosynthesis of toxin was not light-induced. Genes including sxtA and sxtG involved 
in toxin production presented no obvious differences among different toxin-producing 
stages. The toxin biosynthesis might be regulated at the translation level or 
post-translation level in A. catenella and the demand of enzymes or energy for these 
two sorts of regulations might be offered by metabolisms of other protein translation 
and energy. Moreover, a total of 125 putative homologs of 12 cyanobacterial sxt genes 
were obtained and sxtW was found in dinoflagellates for the first time. 
(3) After treated with colchicine, cell cycles of both ACHK-T and ACHK-NT 
were arrested in G1 phase. Toxin biosynthesis in ACHK-T cells was also inhibited for 
toxin content presented no differences within one cell cycle. Colchicine not only 
depressed the expressions of microtubules and the polymerization of tubulins, but also 
induced the expression of cyclin-L2, both of which resulted in the arrest of the cell 
cycle of A. catenella. Expressions of genes encoding structural proteins and motor 
proteins were enhanced to maintain cell shape, mobility, and substance transport to 
resist the negative effects induced by colchicine. In addition, the toxin biosynthesis 
was inhibited while toxin-related genes were up-regulated in ACHK-T further 
indicated that the biosynthesis of toxin was regulated at the translation or 
post-translation level. A total of 125 putative homologs of 12 cyanobacterial sxt genes 
were identified except for sxtD. 
 
Keywords: marine dinoflagellates; Alexandrium catenella; paralytic shellfish toxins; 
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